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Soil Net N Transformation Rates and N,O Emission Affected by Simulated N/S Deposition for a Naural Forest of Castanopsis carlesii
of Northern Midsubtropics of China

LU Jian-fang et al (College of Geographical Sciences, Fujian Normal University, Fuzhou, Fujian 350007 )

Abstract [ Objective ] The impacts of nitrogen and/or sulfur deposition on the soil nitrification and nitrous oxide emissions were investigated
for Castanopsis carlesii community which is a typical vegetation form of evergreen broadleaved forests in the northern Midsubtropics of China.
[ Method ] Ammonium nitrate and potassium sulfate were used in lab incubation experiments to simulate nitrogen and/or sulfur deposition under
the conditions of 30 C of room temperature and 60% of soil water holding capacity (WHC). Soil pH values and the contents of soil ammonium
nitrogen, nitrate nitrogen were determined at the 1st, 5th, 10th and 15th day after incubation, and nitrous oxide concentrations were deter-
mined at 3rd, 4th, 5th and 10th day. [ Result ] Soil mineralization and nitrification were promoted for nitrogen deposition, or N and S mixed
deposition while no significant difference showed for sulfur deposition. There was a very pronounced negative relationship between soil net min-
eralization rate and soil pH value as well as between soil net nitrification rate and pH value. There was a significant positive correlation rela-
tionship between soil net mineralization rate and soil net nitrification rate either for controlled soil or soil amended with N and/or S. While the
ratio of NO; -N to (NH,” + NO; )-N was increased with nitrogen deposition, or N and S mixed deposition, NH, -N was still the dominant
forms in the soil inorganic nitrogen species under the influences of acid deposition in this area. The nitrification is weak in this area and the
supply of ammonium would not become the limiting factor of soil nitrification. Mixed nitrogen and sulfur deposition promoted the emissions of
nitrous oxide, which mechanism need further elucidation in the future. [ Conclusion ] The results suggested that nitrogen deposition or N and S
mixed deposition would stimulate soil mineralization and nitrification, while sulphur depositon had no effect on the above processes. Mixed ni-
trogen and sulfur input promoted the emissions of nitrous oxide, which might be related to the nitrogen proportion in the mixed deposition, and
so the role of sulphur can not be ignored when we investigate acid deposition effects on nitrous oxide emission.

Key words Nitrogen deposition; Sulfur deposition; Nitrification; N,O emission; Forest soil

F T TR A e S 32 i SR AR e, AT 3
1] e P HE R AL W AL, e S B0 TR (1 1
I FRUTRENE A A2 Bk ) RIS 1) B 2 22 4632 Tk TR
FE 7 R AR U AL 26 22 5 15 = KRR UL X, HLAS R
RIBIFSAT S AR Wi A 25 2 G i 1, SRR UL
FEA" R AR bR 132 N,0.CO, 4 1B iR E Sk
FEP I " IR A B A A R T R A
AR, PR e A R AR E A S X R LA B 0 2R bk - 4
TG PR AR 35 A B BIFFE B 25 08 24 4 A 2 FIBF 455 27
PR EE R A 2 — T AR, BRI X L4 N 2
AL N0 HERCE R B A e [ N A Rl E B D T
Bl NPT iR S ViR NS & & TR AT S AR A
KA 65% F it b 1T AR AL 75 S AR R T X | B 1R
PEEHIX . B E R S YIRS LT AT S

HE&WMB BZRAAHFELA B (31070548,31170578 ) ,

EEBN BHEF (1989 - ),k @ fd A, MEARTA,HRF @ :
BRAEABZREBRMNAHR, =« BIREER, HIZ, A FHARER
V& ER 7 & 09 BF 40, E-mail : 1. gao@ hotmail. com,

Wi EE  2013-12-10

b3, R IR VIS T ORI U . %58 Dl
A FERRTT T ABR A SR PR XK 5 2 ] it R SR MR Ry F 53 8
B, 105 NIRRT, BF 98 N/S UTRT o 37 $4H ZR b
N ZHALA N, O HER 52, R B R TR X AR AR A 25
RGBT PR 2 AR AR A

1 #R57%

1.1 #sedtdion (il b398 e o pm e 4 R T 0 AR A
SRAFEPIIX (27°3'N,118°9" E) Ab a3k 1L AV g1 1 52 L Ab &
AT BRGHE 2 RS, AR S IR 19. 4 °CLARERR KR 1 731, 4
mm, 478 & & 1 466 mm, FXTIRE 81% , & TCF M 277 d.
NI AR B LT . SR FHBE LR AR I R IR AR+ 31
HiFR 0 ~20 em +4#, FAMR A G RT3 2 mm G5 (RAE 4%
FHo HHEILA T Ry - A AL i 38.20 g/kg, 4 N & i
1.28 o/kg, % P &1 0.27 g/kg, /Kff N 146.9 mg/kg.

1.2 A 4biE

1.2.1 sz, PR BOUEY T30 g T L HIEE T
300 ml J7EH KA, A ZE K S KR % 40% WHC,
PREE R T, AR 1 mm (T SKAERE BT 6 AS/INL, SRIE



96 AR A 2014 £

BN B i, 78 30 C TER WSS 7 4o WIE, &
WIFREE LA FEHUR B 7K 45
1.2.2 RERIH S8R, ) LR IR R 4 R 5 4
finA NH,NO, .K,S0, L) & NH,NO, il K,S0, DIFSHL N Yik .
S PLBEFT NS B & Uik, o N Bl & 3 K7, 43310 0
mg N/kg(CK).100 mg N/kg(LN) 150 mg N/kg (HN) ,S Vi[5
& 3 K, 53R 0 mg S/kg (CK) (40 mg S/kg(1S) .80
mg S/kg(HS), #1419 4N AbBE, 43 3 47ic & CKLLN.HN. LS,
HS .LNLS.HNLS.LNHS.HNHS., &/NAb#E3 ANEE . T
T EIKEZE 60% WHC, {REREE T, A EA KN 1 mm (4
SLAERE AT 6 A~/NL, SRAENE NSNS B #R il , Bl 30 °C
P TEIRAE TR , B WA SR EZE R R K 4

TERGFROEE 1.5.10 F1 15 %, BA-AbH4 0 B 3 44
i, I AE 4% pH NH, -N 1 NO; -N, 7E35 32 145 3.4.5 #1 10
RIFTHIR o BRI 25 O R, 4l IO P9 344 20 ml
A 20 ml ELASRAAE R0 i SRR E , 1 sl <UmF ]
T 5 2% AR 10 5 [ 5 R 4 rh AR 22 85 9% 4 b JHTE S 2t
Rz SR AT fa S B SR AR SUA 20 ml, 73 A 20 ml ELZSHRA,
IF HFFRIC T RAERT ], I 8 S N, O MBS

+4 pH 1 DMP-2 mV/pH 15, 27K b A 1.0:2.5
(V/V). NH; -N FI NO; -N & &t % 3 2 7 4% (SKALAR
San” ", fif 22 )WE . N,O MR G A1 Hr{ (GC-2014,
H AR S HE ) W, RS2 oy i Tl R A 25 (ECD ), & H 966 4
o

1.3 SHERE AL LR B LA

(NH;"-N + NO; -N) & A {6 5 35 5R 0 (i) 730 s 7 i 9 i 7
Hh NO, -N & B8 hn gk R e b i L 30 ok AN i Ak s
FRAERE T NO, -N & A8k S g i )35 fififk
FE XN NOS-N di EHLA (NHS + NO; ) B
ﬁj\%ﬁlm .

V Ac 273

NLO HERGE AL TS F =k - - 2 - 2

K, F FR AR A R (pe/ (kg » h)) sk S 5L, BUE
1.964 (kg/m’ ) s Ac/At S A7 LI A [ia] PRy o 58 B s i) 25 £
T LRBLR SV IR AR AR () sm h + 7 (kg) ;T M3
FeREE(C)P

1.4 HiRAIE a5k IR A Excel 2003 i1 SPSS17.0 i
CRE: 2w i (N P Y [0 3 T A 3 (S A B0 B S
HUA & & AT B N, O HEBU 22 55 5 5 PRG3R B I 7
J5 225381 CANOVA ) Fil fe /N i 35 25 53 (LSD ), R WU 3%
T7 TS NS T A (3 HAEF -

2 GRENW

2.1 N/SimPgxt T8 pH B950 MR 1 ATLLE I, N/S UL
REREAR T 438 pH, 38110 pH FRARE BEE NS JUFER S m
MdE AN N YLREAN S YikEXT +4% pH B0 i 3 (P <0.05),
N.S VikERaS BAE X 3 pH 52 i 2 . N/S PLREXS + 1
pH PFEMa AR EE R/ IMIT R NS & AU > N Uik > S Uik
FEUTREARII, +3% pH TR B , 49 pH LA Bl 15 5% B [A]
PSER I 5 5 AR BT % dJa 1, R pH I BU/NE IR T
W, PR AR FEAY pH A7 7E 25 5 -

F1 N/S st pH f2 0

e HiFrimf[a] _
1K S K 5510 K 15 K

CK 4.61 (0.15)a 4.86 (0.03)a 4.78(0.03) a 4.78(0.04) a
LS 4.36 (0.02)b 4.57 (0.03)b 4.59(0.05) b 4.56(0.06) b
HS 4.23 (0.09)be 4.43 (0.01)c 4.48(0.03) ¢ 4.47(0.02) ¢
LN 4.15 (0.05)c 4.34 (0.03)d 4.36(0.02) d 4.30(0.12) d
HN 4.06 (0.08)cd 4.25 (0.01)de 4.24(0.04) e 4.28(0.03) de
LNLS 4.13 (0.08)cd 4.29 (0.03)d 4.33(0.02) d 4.28(0.04) de
LNHS 4.07 (0.12)cd 4.26 (0.01)d 4.24(0.02) e 4.23(0.02) de
HNLS 4.02 (0.13)cd 4.17 (0.06)e 4.22(0.03)e 4.18(0.01) e
HNHS 3.96 (0.05)d 4.20 (0.04)e 4.23(0.02)e 4.20(0.01) e

TE RS N bR . RISARR/NG PR 3R 22 7 B2 (P <0.05)

2.2 N/SmkEstLEBNRET LEREHIMmM hE 1]
LN TR 3 WL AR 1 2 B, S TR XT +
HEA LA G 2RI B R, NS VIR 58 HL A
WAL R T BAEH o B 35 TR RO N, BT A ik
PR -3 A R AR A RIKE N TR 3R CKL
LN F1 HN 3R LAV (Ll R Ae s A1 FRad R p 3 2
X (P<0.05),H i CK B 2%+ LN HN 43 (P <
0.05) , R[FEZKF S PTFEAL R CKLLS F1 HS B)A HLE ST
fHZAE 0 ~5 d R B2 (P <0.05) , HAb B[] G I 2% 2%
5to fE NS E A Ui A #E rf, HNLS \HNHS 4b P 7F 4 4> B 37
SRR T Ak T R ) 3 K T LNLS LNHS 4h 3 (P <

0.05). 3 pH 5+ 365 m (b g BAT 35 A9 S Ak Gk (P
<0.05) , B +- 35 AL HUR BEE pH 1S I FEA% .

2.3 N/SimpExt AN RBLERNEMmM HE 20
A1, N TR 8 A A R B e g 3 (P <0..05), S TR X
B AL R R NS TR - SR Ak R
SIS HAE T o B 537 KA BN, B Ah B 7 1 484
AL IR . AR N JUREAR B RS CKLLN AT HN £
B ANLEGT R AR R i h B R 2 R (P
<0.05) , RIFZKF- S YLk K -1y CK.LS Fl HS &b 2 i 4k
HORIEA R R P Y e 255 . 7E NS AT #
3 (R A R A CK 34t 3k (P <0.05) , 24 N it



FhAE S BRI N/S ST KA R KAk 23 N 44k 4 N,0 Hsk 09 % v 97

42 %18
160 a WO-ld
ml=5d b b

= ol=104

: B0-15 d
a ; "
r
o ED
‘.‘1:!"'
oo ; ,
* 4 c by 4 dg ' B

LHLS WS LHRS MBS
FISREEA

T AN ) B 3R A [ 45 5 B (] A ] A 3L ] - v % 2 55
BE(P<0.05),
E1 N/S bt HEENEST LERNEID

KK T-AE TR S IR AR BT , 38 ) v il A 2R A O ~
5d A RFEER (P <0.05), i HALA [A] By Jo i 3 25 57
S YLREAKF-AR A VN TR K- AS A ] s, 38 4 14 i 1
RIS B A B E 2R (P <0.05) . @20
W, B R B I 0, e i AL R AL, 3 pH 5 135
Vi AR ELA 13 A SR DG (P <0..05) , B -3 4k
HRREAE pH 3G IR

80 mi-ld

I mi=5d b
oi-104
ao-154

1]

40

Mtk o g (g - d)

X IN I IS HS LHS HMS LENS NBS
NG

T AR TR RN AR [ B SR A A1 7] 42 2 1] - 496 v i A 3 % 22 S
B2 (P<0.05),
B2 N/S kst s E =M R
#z2 N/STBETHEEIRST LEEMNTESHLERRNHEXE

Qb B EES{e=s Pearson-HH¢ R 4 FEAEL
CK Y =0.326X -0. 803 0.855" " 12
LN Y =0.527X -3.755 0.988" " 12
HN Y =0.503X -3. 361 0.988" " 12
LS Y =0.289X -0. 986 0.974" " 12
HS Y =0.238X -0. 938 0.807" " 12
LNLS Y =0.522X -3.949 0.996" " 12
LNHS Y =0.534X -4. 251 0.994" " 12
HNLS Y =0.503X -3.280 0.998" " 12
HNHS Y =0.508X -3.529 0.997" " 12
25 Y =0.505X -2.967 0.997" " 108

Y R HEREIE R, X O R LR« o« TR B A
%M (P<0.01),

2.4 N/SimPext HIEMAERMFIE  HIE 3 0T HLN TR

X ERS AL ZE s i (P < 0. 05),S YL + R L E T

R, NS PURERT B LR R T3 BAE . AR

JKSF N UUFALFR Y CKLLN 1 HN () 5Ems b RAE AR 55

SRR X T (P <0.05), KA S UL B # CK.LS
A1 HS gh# + BEfE A AT 2 2 5 (H B A A LI AR {5
16 NS EA UL b, HNLS \HNHS &b 3 (14 55 14 28 75 4% A4~
FrFe i B 2 K F LNLS.LNHS 403 (P <0.05), N i
R NS &2 A UTIRE A0 3 1Y) 1 S5 T 3R S AR Bl 1y AR fh ka2, B
FAREYIIAE 0 ~5 d, Bl 5 iE AL 31E K, A 3G 55 0 B Je
SMONERENG . T b BEAE R A IR AT R D (W i AL R Y <
50% , 2R iz A TCHLA L NH -N S 3

mi=1d
L4 aml=5d b
pi=10de &

AT o E
=
i

B 1S HS LNS HMS LENS MRS
LA T

X I[N

1 AN R B R W] — e 8] N/S UTREAR [R1Ab 8] - e g AL R 25 57
BE(P<0.05),
B3 N/S st TR

2.5 N/S B3t 1iE N,O HimR9&m & 4 o] A, N UL
RN S PUREAL A 4 N, O HEGE A Rt R 3y
Toh E M. 7 NS EAUIRET,N,O HERGH i 1Y o R
AR RR SR BEE 5 R ARG FRIMER 5.10 X, LNLS \HNLS #h#
H N,O HEoi i B 3w T LNHS JHNHS 438 (P <0.05) .

Lo B iR
= B4R
- LE O Fix B
=2 AU ES
E L6
o
ez} .
# Ll o a.ash ab

2

O ¥ I IS BS LAS NS LHS MBS
| Jheaa o

T AR FR [F— I [E] N/S WUREAS [ 4b 31 H] 4 1€ N, O AHERL
EEEFEE(P<0.05),
B4 N/Spexf i N,0 FHEE 2R 2

3 #ig5itie

WFFEFRI]L N URER NS & 50T WA 2 + 5 n o1k
FIRSAEAE R, S DUREXT + 58 098 (A Ak A F 2 ma AR K N/S
DRI 50 N, O HE, 2 ma &0 5 N/S Jiked N 3T
KA S DUREM LU 1 DG o I IR md i 2 + ) — R B
AVERT, W LR ERE R —, g
FOMOEAEIRAS AR e TR - R
HIsZm o 2 o KHIEF AR B , 100 4F 1 K TRE (R
TEARHFIEC ) + 18 pH P\ 7 T REE] 4,91 H S BURFIEH 4
JRE TG WA M MR VTR S | A e A, b



98 G e A

2014 &

I 484 IS AL SR W RIS, 55 S LR A L, N 99 g e 33
PRALEY BT, A RT3 W, AR (NO, = NH, ) i
BN NOS VAT BT, — 2 8 LA ) 3t
HEBER NO, —2ikse, SR A MR ", Lok,
R NH, LR AR 05 A P ) - 3
BT FRI, ERE RIS 1, pH A Il TH, T RE R T N I
WAL - HE 35 B T R, o A E VA VR PO B, X 3R
LA FEMERES ™ o BT, NS BRI 2 AR X
3 pH RS B . NS A VRES R 1 5 pH i
FWERT N UM S VM. HAT, T NS & A Vikexs +
SRR AL SR RST80T B 11 5 0 o P L B
A kBT

PRFFT I, N UURERS 13908 HLEUS T 1k R 5 0
S YUK 3 ML L% T S5 50, NS L Xt
I HURE LR S T3S AR . HAT, EFRA
VUSRS A HUEE R (TS 2 A T N U, LA 4
— L. LRI R AR WA L BE N A
() 194 00 T 1 00, LI 25 28U K L A5 HLEU 1 B S 0
JEWRARIIE 7 Gundersen %5 Ay, A 7E% N (R
(bR, B2 b B N SO R, TifE N
F AR BN 25 R R A RO 5T
FW,N UUREH I S + E A HLAT LA Em . Aber
A0 Sy, K I R M 2 B ORI R L
FERAEHIIN . B o PhEE AN A AR B ST A R, 2
REIEUR AT, 0 e AN 12 ~ 18 kg/ (hm = 4F)
BNF] 47 ~ 53 kg/ (hm” - 4 ). ZWF5E R0, N UL NS
A VIR A HLAU ML, HN AbBE 394 5 (L 3 1Y
AR B AT LN b3,

PRI B 3 72 41 (60% WHC.30 °C ) i IX
IS TR P 0 B R AT R RIS R
AL A B AEAT /N T 50% L Fe WM IX 7 RS
TRV AR . CA WRoT R, et Rk
TR BREE B 1 498 pH (0 R[] i A5 i 2 520 % g, +
HER A I A HO% S pH LS AR G . S DTMRAL BRI 148 pH 5
TN UUBEF NS & A DU 3, (5 s AL 3% /N T N R
NS ZAUTREAN L, — 7, fTRE& i+ N UUREM NS &
A UK b SRS (A TR NH, -N &5 BT, AL 7R ke
B0 5 — 7 T VRS SOLT T AR A AL A 4 A
(05375 ., WG ARG Ao 0 P, 3 S A 3 e ™, 3
W] pH A2 B0 SR ALV e — PR 2 SR s
TEHTIF) 21T F 5 T [ 952 110 S0 AR5 1 M R P T AN L 25 )
T4 LT 2 - 8 1 05 A 10 TR 0, % R4 A 4% 11 9% -3
() S A 221/ T A e A%, TE AL LA 7S L
o b X RS A A AR AR 2 . WS 1
FIORIRAS AN N/S YU SZ 0, 304 HLES T 1k R 5 i
A% 2 R P 7 A B0 A G, EL b 2k Tl A
&, GEAH AR ITLE 80 N UUHER NS 5 4 Uik ab 2
H AL RIS b FHE: P RR UL REAR T 3% pH, T L)

A R , (5B A A A TR ) B 25 /S B
BT A A P R SO AR R T B A AT
FE, BALAE FTES , I LA O ~ 15 d P %/ F0 ~ 10 d °F
Hmife

BAYESE S BITE R T pH <5.0 By E 5, N,0

R A2 B AU L A SR, B 2 SRS A VR T A R N, O 1Y

PR I ARHE BESE i N, O HE i o 158+, LNLS (HNLS &b

ST R BDSRAN N,O ROHERCRE. T

PR N UUREAEE T RSAEAEIT, 100 SOL A Byl R N, 0 HEjik

PR Cai % BF95 % 9L, S0, VLMW £ NO A

N,O HyHEC. NS = A UIRER 4 FAL PR N, O Ay HRHER B

AN iR B2 FIAS LR , 2] NS 245 DTS 14 N, 0 HElL

s S R NS S LA . IZITST A R LW NS B

BRI L5 N, O HEi, HEZ o 5 2 A5 U0+ N il S

o LA O

&%

(1] BB Fz. OBt ) 20, B & ARy maR; [D 1 48N AR iebion
,2009.

[2 ] GALLOWAY J N,COWLING E B. Reactive nitrogen and the world:200
years of change[J ]. AMBIO: A Journal of the Human Environment,2002,
31(2):64 -71.

(3 T b HE, OO, 2es 5. Bl FRBLLISMR DOC IS o3 B S5 3%
WA TR L) 1. IR a4 ARl 2hi 2009 (11) 114,

[4 ] AERTS R. Nutrient resorption from senescing leaves of perennials:are there
general patterns? [J . Joumal of Ecology,1996,84(4):597 —608.

[5 1 BOWDEN R D,DAVIDSON E,SAVAGE K, et al. Chronic nitrogen addi-
tions reduce total soil respiration and microbial respiration in temperate
forest soils at the Harvard Forest[] ]. Forest Ecology and Management,
2004,196(1) :43 -56.

[6 ] SIEVERING H. Nitrogen deposition and carbon sequestration| J ]. Nature,
1999,400(6745 ) :629 —630.

[7 ] ADDISCOTT T, BROOKES P. Nitrogen cycle ( Communication arising ) :
What governs nitrogen loss from forest soils[ ] ]. Nature,2002,418 (6898 ) :
604 —604.

(8 ] ks, BTHI, J7im e, 5. FUITRR Bibk T 2R = SR R 52
ML) 1. A4 ,2008,28(5) 2309 —2319.

[9 ] STHA, 5272 bk , 5. S = 220 1 18 N, O HEHCR Hd s
VLN BRI [ . AP AER 41, 2006,30(6) :901 ~910.

(10 ] ST, 5125 i E R, 5. i LiesERn 22bk 1458 CO, HERTR

CH, WRIKRHREEU N TR iz [ 1. AEA412,2005,25 (4) 682 —
690.

(11 ] FEHHIR. AR B EL R 5 S Juli e I s 52 [) 1. ik,
2004,23(1):101 - 106.

[12 ] B AR T e = N5 xR 7K BR B s AR (B A
7T D I st RS B TRRA 2005,

(13 1 X AR BB MoK, S AR AP E SRR ORI A
HHEE T L) 1 ARG PR S PR, 2009 4 (2) :53 - 59.

[14 ] BUTTERBACH-BAHL K, GASCHE R, BREUER L,et al. Fluxes of NO
and N,O from temperate forest soils:impact of forest type, N deposition
and of liming on the NO and N,O emissions [J . Nutrient Cycling in
Agroecosystems ,1997 ,48 (1/2) :79 - 90.

[15 T MATSON P A,MCDOWELL W H,TOWNSEND A R,et al. The globaliza-
tion of N deposition: ecosystem consequences in tropical environments
[J 1. Biogeochemistry ,1999,46 (1/3 ) :67 - 83.

[16 ] JOHNSTON A E,GOULDING K W T,POULTON P R. Soil acidification
during more than 100 years under permanent grassland and woodland at
Rothamsted [ J ]. Soil Use and Management,1986,2(1):3 - 10.

[17 ] BLAKE L,GOULDING K W T. Effects of atmospheric deposition,soil pH
and acidification on heavy metal contents in soils and vegetation of semi
—natural ecosystems at Rothamsted Experimental Station, UK [J J. Plant
and Soil ,2002,240(2) :235 -251.

(F4:4 146 )



146 BR A F 2014 &
F2 IR EH IR ERKANRE R RN
TR S AR SE M) TERRERL )/ bR AR KA /m TG /) %
bk FLA U S 2009 4F 6 f 200 (0.27 +0.06) a (77.4 £6.2)a
HEA M RS GG 2009 4E 6 A 200 (0.12+0.03)b (52.3+4.3)b

TR £ Brife2E (n =5) ; RISV BIR S AR PR 3oR 2253 B3 (P <0.05) .

RKRZ, HRAEFEATI ] d 502 d R R, ELA
AP TIER , M P AR TSR Ao 24 K B IR Bz e 2 Ak B
YU PR RCRAR . 7 I SRR ST PR AR B B
B R PR BN S RS  DRAERD - B IE# AR 35 g R
PRSI SRA 2 I B SR 2 B AR DU R
3k 90% LA Lo TITHCE 2 d 5 IR, i A 3 A,
ANEN 50% , %2 A B SRR Bl I At e R 5 | ey
o PUMTEARE P S e v, AR AR 25 TR AR B b1~ 2 K
FERR A RIS AR I TR 38 5385 1 450, DAORIE G
B Y Hh i AR S E O A ELA

() TERMEF ABT A HUB AL BT, HSEAR+T-4e B 58 B4 AL
TERAUH 36.4% o FHSBHATARA T i X -5 HARY) 45k
A%, AT REAE AR M IR A7 AELE AR R 22, i) 1A RE AR
ez AR A BT RR 0] A B S 2k S R 52 B A To i i
Waga s AN G R ) = o LG TEA AV 0 A .l A 6 B N 7
JER) ABT A=ARUR A FREHSE A48 45 0 25 4R i 1 44 S A
JIE R (AL R AR T 50.0% o Btk , 264 P S gh
BB AT B i B Tk AT 4 AT 4
B PR 38 LA R 333 BT 47 S A A ) i ATl 2
A Ja WIS 0

(3) WA P LR ST I I 45 R, BHER AN & e
Py, HAE AR A R A 25— BRI, 0B IO HAE RO
A FEg bR (OB B AR ) AR R R A RIS 3 2%
o TR A (O Bl 2450, DA N Tk s o
LR LM I T AR A

(4) TR R = B R R VR — s SRR X,
HEFME R, I LRSI, (A ATIES A R
I8 3B AL BT B SR T BT IS AR AR T 1
P A AR, 8 T SIS T A R AR R A, i
P25, AP 742 DR A, BRI, a2 R 2
B FRS R, HH B R A3k 94. 6% . 78 320t N Tk s
B}, T L2 LEGHE I P L BOobAch - 3828 0 7R 154K 1 500 m LA
T KRR R 750 mm LA 1, - HEOR S v 4 A w556 1 ()
12 ) BB AR HBFIAE A B
S E Xk
[1] SAF8S, 28k, FEeE—RE = mr= s TR — i s e
TEPHEEE [ T]. = rElEIiFoT,2000(3) :248 - 250.

(2] A AN T E AR S AR ], ARlliEas R,
2008,33(4) :132 - 135.

(3] kA, AT P AR S [T ] MR IEE R, 2008,33(1)
116 - 118.

[4] W 1 arhn, X525, WA B RS S b s o [ .
frAlsE 2008(8) <125 - 127.

[5] X5, s Fra B R RE N T B 5% e )] &
RH ,2009(5) 2207 -209.

[6] it SRR ). gl AR 2011 (2) ;14 -17.

(7] BafEe. S lmE (g 8D B9— s )], T PEE Y, 1993
(1):8-11.

[8] SEFE, TR, B A YR S A A E TR i 0 ot [ ] FE e
JESEREESAR ,2005(1) 160 —61.

[9] ZExepl. FHERE (h E LA REed I8 ) —#rki [ )], =l
57,1989 (4) :407 - 408.

[10] Z=s0. e B AR @ T ). =rabkill, 1989(5) :27.

[11] 250 SRR T E = L) . ARk E,1990(3) 1108 -

109.

[12] (#5335, S TR DRIREL 1] EpA- 3, 1980(4) :13 - 17.

(L% 98 7)
[18] BERGKVIST B O,FOLKESON L. Soil acidification and element fluxes of

a Fagus sylvatica forest as influenced by simulated nitrogen deposition
[J]. Water, Air,and Soil Pollution,1992,65(1/2) :111 —133.

[19] FERNANDEZ 1 J,RUSTAD L E. Soil response to S and N treatments in a
northern New England low elevation coniferous forest[ J]. Water, Air, and
Soil Pollution,1990,52(1/2):23 -39.

[20] PR HIE S, 553, 5. KGR AR TR /KA
FFFELT ] AA55412,2006,26(6) 1872 ~ 1881.

[21] Z=EEL, B50R, Ztiol, . UG - See (AN T s+
SR ] RSP, 2011,17(4) 461 - 466.

[22] ABER J,MCDOWELL W,NADELHOFFER K, et al. Nitrogen saturation
in temperate forest ecosystems| J]. Bio Science,1998,48(11) ;921 —934.

[23] ABER J D,MAGILL A ,MCNULTY S G et al. Forest biogeochemistry and
primary production altered by nitrogen saturation[J ]. Water, Air,and Soil
Pollution,1995,85(3) :1665 — 1670.

[24] GUNDERSEN P,EMMETT B A,KJANAAS O J,et al. Impact of nitrogen
deposition on nitrogen cycling in forests:a synthesis of NITREX data[J].
Forest Ecology and Management,1998,101(1) :37 -55.

[25] EMMETT B A, BOXMAN D, BREDEMEIER M, et al. Predicting the
effects of atmospheric nitrogen deposition in conifer stands ;evidence from
the NITREX ecosystem-scale experiments [ J ]. Ecosystems,1998,1(4) .
352 -360.

[26] ABER J D,MAGILL A,BOONE R, et al. Plant and soil responses to chro-

nic nitrogen additions at the Harvard Forest,Massachusetts| J |. Ecological
Applications,1993,3(1) :156 — 166.

[27] VAN CLEEMPUT O,SAMATER A H. Nitrite in soils ; accumulation and
role in the formation of gaseous N compounds|[ J ]. Fertilizer Research,
1995,45(1) :81 —89.

[28] VENTEREA R T,ROLSTON D E. Mechanisms and kinetics of nitric and
nitrous oxide production during nitrification in agricultural soil[ J]. Global
Change Biology,2000,6(3) :303 -316.

[29] NUGROHO R A,ROLING W F M, LAVERMAN A M, et al. Low nitrifica-
tion rates in acid Scots pine forest soils are due to pH-related factors[ J].
Microbial Ecology,2007,53(1) :89 —-97.

[30] X575, Bay (A B A RS s R BLR SR [T ] A= 45
JE 2003,22(5) ;113 — 117.

[31] DARRAH P R,NYE P H,WHITE R E. The effect of high solute concen-
trations on nitrification rates in soil[ J ]. Plant and Soil ,1987,97(1) :37 —
45.

[32] LEAHIR, XA, AR T AR NIRRT T 338 sz [T ]
LR, 2009(5) 795 - 801

[33] X, SEHHI. ISP WA 12358 N, O HERcsema[J]. 8
#2,2009,46(2) :248 —253.

[34] CAI Z,ZHANG J,ZHU T,et al. Stimulation of NO and N,O emissions
from soils by SO, deposition[ J]. Global Change Biology,2012,18(7):
2280 —2291.



